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Abstract 
 
Innovation is considered one of the most important drivers for economic growth but 
measuring innovation is complex and abstract. To measure innovation, it is common to 
use proxies such as patent and R&D expenditure. How good of a measure is patents 
when it comes to explaining economic growth? Patents have faced a lot of critique when 
being used as a proxy for innovation, quality adjustment for patents has therefore 
become increasingly popular. In China there are three different patent classes where one 
of the classes is for major innovations that are important for the economy. Using 
provincial data from 1995 to 2007 in a panel data study this thesis test these patent 
classes and their impact on economic growth in China. I find that the highest patent 
class is not significant for economic growth. Instead I find that that minor innovations 
are more important for economic growth. Also total number of patents performs equally 
well, suggesting that there is no need to use patent classes as proxy for innovation. 
However the result can be unreliable due to the limited time horizon. 
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1. Introduction 
 
Innovation is an important driver for economic growth, a fact that has been known for a 
long time (Burda and Wyplosz, 2009, p.93 and 98). One of the countries that have 
displayed the longest running time of high growth, China, has official goals of 
promoting innovation (Naughton, 2006). China promotes innovation and China has 
shown high growth, is there a connection? The connection is plausible, how could one 
measure its effects and which impact does innovation have on the economic growth? 
Measuring innovation is inherently impossible so instead proxies are a common feature 
(Smith, 2005). Patents are one of the most used proxies for innovation (Smith, 2005, 
Connolly, 1997, 1998 and Manhaes Marins, 2008). Even so, patents face critique of 
being inadequate. One of the faults of patent are the fact that it is a measure of invention 
and not innovation and it does not contain all, economic significant, innovations (Smith, 
2005, p.158). It also faces critique when being used in emerging economies, like China, 
as the enforcement in those countries could be weaker than in developed countries. In 
order to address these issues quality adjustments for patents have become increasingly 
popular during recent years. One of the methods used is citations of patents. Citations 
try to distinguish between the importance of the innovations (Ejermo, 2007 and Atallah 
and Rodriguez, 2003). The general view today is that there is a need of quality 
adjustment for patents. However, I suggest a different approach then citations. In China 
there are different patent classes, one for major innovation and two process patents for 
minor innovations (Naughton, 2005 and Cheung and Lin, 2003). These patent classes 
cover different innovations and should have different impacts on the economic system. 
Major innovation should have a bigger impact on the economic growth than minor 
innovations according to most economic growth theories. Also an investigation of 
different patents classes could give important information on which patents that has 
most effect on economic growth. It gives more information than just the total number of 
patents that is the most common way to use patents. That patent protection differs 
between major or minor innovation is not common. Because costs are not taken into 
account when patent laws are implemented. It is likely that different patent protection 
time could increase welfare if the protection time is established considering the sunk 
costs (Chu, 2011). This supports the use of different patent classes.  
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 In this thesis I will undertake a panel study on the Chinese provinces testing the 
different classes of the patents and their impact on economic growth. The hypothesis is 
that major innovations have a bigger impact on growth than the other patent classes and 
total number of patents. The purpose is to see if having different patent classes increases 
the quality of measuring innovation, in other words, to see how big the effect is on 
economic growth. As a starting point for the panel study I will use a Cobb-Douglas 
production function. The rest of the thesis is organized as follows; first there will be a 
background of China. After that there is a theory section about growth regressions, 
innovations and proxies. Following the theory section there is a literature review. Then 
the data and estimations are presented followed by the results and last there is a 
discussion and a conclusion.  
 
1.1.  Background of China 
In the following section there will be a short review of the Chinese position against 
innovation and IPR (intellectual property rights), but first a short review of the 
economic situation in China. As can be seen in figure 1 China has had a high growth, 
between 8 to 14 %, since 1995. This is an extremely good performance but the reasons 
behind the success in economic growth remain debated and are beyond the scope for 
this thesis. China has during the last decade invested back in to the economy to keep the 
economic engine running, these investment include major investments in higher levels 
of human capital to increase the technology level of the country. Increasing the 
technology level of the country is an attempt to make China one of the world leaders 
when it comes to innovation (Naughton, 2006, p.7 and p.350). One of the reasons 
behind the increase in investment, both from abroad and domestic was the open door 
policy initiated in 1978 and the creation of the special economic zones. The special 
economic zones, SEZ, are concentrated to the Chinese coastal provinces and the first 
seven were:  Shenzhen, Zhuai, Shantou, Xiamen, Hainan, Shanghai and Tianjin (Zeng, 
2010, p.1, p.3 and p.5). The idea with the SEZ was to increase economic growth by 
creating attractive zones for foreigners to invest in. These zones had more liberal laws, 
tax reduction, and better infrastructure. With the increase of investment in the areas, 
industrial clusters emerged which increased the possibilities of innovation (Naughton, 
2006 and Zeng, 2010). The SEZ expanded to a couple of extra SEZ later on but again it 
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was concentrated to the east part and coastal areas leading to an income gap between the 
inland and the coastal areas (Naughton, 2006, p.29). It is not only the income gaps that 
are increasing, the productivity gap is also a problem, especially within the agricultural 
sector. The coastal provinces in the east are more productive than inland China 
(Jefferson, Hu and Su, 2006).   
 
 
Figure 1 Source: The World bank Databank 
The creation of the SEZ increased the protection of IPR in China but mostly in the SEZ 
and not for the rest of the country; the creation of the SEZ however, increased the 
pressure on the Chinese government to implement a better legal system in China 
regarding IPR, especially on the local governments which needed the investment from 
foreign direct investment (FDI) and the domestic investors (Naughton, 2006, p.411). 
China is, even though slowly, moving towards more secure IPR environment by actions 
taken by the government. In 2001 China joined the WTO and hence needed to live up to 
some criteria to be accepted as a member, which have lead to improvements and a new 
set of laws (Naughton, 2006, p.7, Zhang, 2005, p.7-8 and Cheung and Lin, 2003, p.30).  
Indeed have the rules and laws been heavily reinforced since WTO accession and are up 
to the standards to the rest of the world and during recent years it is no longer the 
legislation that is an issue. Now it is rather the enforcement issue which has been the top 
priority the last decade (Zhang, 2005, p.8-9). 
Some other important dates since 1978 are 1984 when China implemented their 
first patent law (Yunwei et al, 2009, p.105), 1992 when a revision of that law was made 
concerning the length of the patent and before the WTO accession when another 
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revision was made to cope with the new rules from WTO (Cheung and Lin, 2003 and 
Yueh, 2006). 
 As more effort has been put in the IPR protection in China the number of patent 
has increased as well, as can be seen in figure 2. The three different patent classes are 
invention patent, design patent and utility model patent. Of these three, invention patent 
is considered a major innovation and the other two are considered adaption of existing 
technology (Naughton, 2006, p.364-365). In conclusion of figure 2 the number of patent 
has increased for most of the time period with acceleration since the millennia.  
 
 
Figure 2 Source: Statistical yearbook of China 
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2. Theory  
 
Under this section the theory will be presented for the following estimations. The theory 
presented will be the foundation for my method in this thesis. First the theory of growth 
and growth regressions will be presented. The Cobb-Douglas function and its features 
will be presented. Since there are different forms of the Cobb-Douglas production 
function focus will lay on the one containing innovation, or more precisely total factor 
productivity. In section 2.2 theories of innovation and proxies will be presented 
focusing on both which part it plays in growth theory but also what role proxies for 
innovations have. Argument will be presented for how proxies can be made to measure 
innovation since the meaning of innovation is very wide and abstract.  
 
2.1. Growth regression 
Growth regressions can be conducted in several ways using many different variables. 
Empirical research shows that there are many variables that have a significant impact on 
growth and there is a wide discussion considering which variables should be used. 
Which variables to choose can differ depending on your data but also on other unknown 
features. For example developed countries or developing countries could give different 
results. It is impossible to conduct an estimation using all the variables that are 
significant since it is likely that the variables are many more than the number of 
countries or regions in the estimation (Barro and Sala-i-Martin, 2004, p.542).  
 A starting point of many growth regressions is the Cobb-Douglas production 
function, used for example in the basic Solow model, Romer model and Ramsey model 
(Barro and Sala-i-Martin, 2004, Jones, 2002, Yao and Zhang, 2001, Kuo and Yang, 
2008, Connolly, 1997 and 1998 and Burda and Wyplosz, 2009, p.71-72). The starting 
point of the production function can be seen in equation 1 below.  
 
           
Equation 1: Cobb-Douglas Production Function 
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Equation 1 is the basic production function. Y represents GDP and it is a function of A, 
L and K, where A is the technology level or total factor productivity, L is the labor input 
and K is the capital input (Barro and Sala-i-Martin, 2004 and Jones, 2002). Following 
this is the Cobb-Douglas function with α presented in equation 2 where the output 
elasticity is introduced, which is denoted by α. α is the output elasticity with respect to 
the capital stock  (Barro and Sala-i-Martin 2004 and Jones, 2002). 
 
                        
Equation 2: Cobb-Douglas Production Function with α 
 
The alpha sign (α) is as mentioned above, the output elasticity, saying that the factors 
weigh differently among the input variables. The value for alpha is between 0 and 1 and 
the exact value differs depending on the surrounding effects.  To get per capita or per 
worker divide equation 2 with the labor input which also removes L from the equation, 
giving GDP/labor input (Barro and Sala-i-Martin, 2004, p.29). The above reasoning 
leads to equation 3 below where the lowercase letters indicate per labor input, Note that 
A is not in per labor input. 
 
      
Equation 3 Cobb-Douglas Production Function per labor input 
 
 The Cobb-Douglas function will be the foundation of the estimations for this 
thesis where I will use different variables to represent the variables in the production 
function. As mentioned above patents will be used as the innovation proxy representing 
A where I see innovation as an approximation of total factor productivity, as the 
workforce (L) I will use number of employed in the provinces and for capital (K) I will 
use savings and deposits in financial institutes and banks, as well as FDI. For 
motivation and more explanation on the variables see section 4 below.  
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2.2. Innovation and proxies 
 
In this section different features of innovation and proxies will be presented. Also, some 
advantages as well as disadvantage with proxies discussed in the literature on 
innovation will be presented. 
 Innovations are considered one of the most important drivers for economic 
growth and an approximation of productivity (Jones, 2002, Burda and Wyplosz, 2009 
and Iwaisako and Futagami, 2013). Innovation is hard to measure and what to be 
contained within it is hard to define. That is why proxies are used frequently to measure 
innovation, proxies can be easier to define and measure (Smith, 2005 and Bailey et al, 
2003). The number of patents is a common proxy and it has advantages as it is easy to 
quantify. Usually it is easy to measure and the data is easy to access (Smith, 2005). The 
number of patent is also easy to compare across countries since, looking at patent 
applications in the US or Europe one can compare differences in innovation levels 
between nations or regions (Connolly, 1997 and 1998). Of course patents are not 
optimal and it is important to know the limitations of a proxy. Patents measure output of 
innovation and are not likely to cover all that innovations should contain due to the fact 
that not all innovations are patented. Since innovations is only one way to measure total 
factor productivity and can be seen as only one component, it is important to know that 
there are setbacks using innovation proxies (Smith, 2005).  Patents can be seen as the 
output from another variable also frequently used as a proxy for innovation, namely 
Research and development (R&D), in that case it is more suitable to use patents than 
R&D expenditure (Cheung and Lin, 2003). Efforts have been done in later years to 
increase the quality of patents as a proxy for innovation. Citation has become 
increasingly popular, with citations you add how many times the patent has been cited. 
It can be cited in academic research or in another patent application. However this 
approach also has limitations, one can argue that it is hard to see the quality of the 
citations as well. To adjust for quality in the citation new research have tried to create 
indexes that accounts for quality and the citations is suppose to account for quality 
(Ejermo, 2007 and Atallah and Rodriguez, 2003).   
As a matter of fact the quality of patents performs worse in developing countries 
and emerging economies than it does in developed countries. Mostly due to 
enforcement problem of IPR laws and rules but also due to a weak legalization as well. 
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The weak enforcement leads to those enterprises in emerging economies do not apply 
for patent since it is a risk that other actors steal your ideas if there is weak enforcement. 
This creates a lack of incentive to innovate major innovations. Nevertheless, 
innovations still happen in emerging countries but not in the same way as they do in 
developed countries (Manhaes Marins, 2008). Even though China is considered an 
emerging economy they focus a lot on technological progress and their laws and IPR 
have improved much during the last years (Smith, 2005). 
Different patent classes or different patent protection across sectors could increase 
welfare since more advanced innovations with more cost attached could have longer 
patent protection, which could lead to a welfare gain for the economy (Chu, 2011).  
Also dividing the patents into different classes should remove economic insignificant 
patents and just leave the major innovations that are needed to bring the economy 
forward.  
It is not only patents that are used as proxy for innovations. In Table 1, proxies for 
innovations are presented. Which of these proxies that are most suitable are not easy to 
decide. There is an ongoing discussion on the case of which proxy is preferable to use 
for innovation (Smith, 2005 and Becheikh, Landry and Amara, 2006). 
 
Table 1: Proxies for innovations 
Intramural and extramural R&D expenditures 
Operational R&D expenditure 
Technology improvements expenditure 
Training expenditures related to innovation activities 
Number of collaborators devoted to R&D activities 
Degree of collaborators qualification 
Turnover from innovation 
Bibliometrics 
Patents 
     Source: Manhaes Marins 2008, p.7 
 
Patents are the main focus in this thesis. In China the patents are divided into different 
classes that give a quality indicator of the patent and the innovation behind it (Cheung 
and Lin, 2003, p 31-32). Despite the classification it is hard to determine which patents 
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that is good for the economy, i.e. give growth in the long run and which ones are more 
for commercial purposes and finally the case that the patents are failures (Smith, 2005).  
Growth has been pointed out as the main output of innovation. A country that 
make investments in higher technology is likely to get a rapid growth if the country 
succeeds to increase the technological level (Jones, 2002, p.44-45). There is also 
empirical works suggesting causality between economic growth and the growth of 
patents (Sinha, 2007 and Chu and Yuichi, 2012). On the other hand there is also 
empirical results suggesting the opposite (Sinha, 2007). An increase in patents should 
lead to an increase in economic growth, since it is an indication of an increased level of 
technology in the country. In the data used in this thesis a problem arises, the time span. 
Applying for patent takes time and patent protection reaches over many years (decades), 
(Cheung and Lin, 2003 and Smith, 2005). A reaction to the time horizon problem as 
well as the quality problem has been encountered in different ways where the most 
successful way has been citation. The citation method measures patents and how many 
times the patent has been cited, in other words when the patented innovation technology 
has been used later in time (Ejermo, 2007).  
 Patent has some features that have made it the most used way of measuring 
innovations today. Most of all it is the easy access that has made patents a good tool to 
use. The data are, at least in the developed world, very extensive and they are meant to 
only contain invention of a certain magnitude of quality. All systems have flaws but the 
patent system has worked quite well despite its critique (Smith, 2005).  
In the next section there is a literature review and following that comes the data 
and estimations part. 
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3. Literature review 
 
In this section a short review of work discussing innovation and the use patents as a 
proxy for innovation will be presented. Also two papers on regional growth in China 
will be covered. In the end a summary is presented where the variables used in the 
various papers are presented (see table 2). 
 Brazil is a developing country or has at least been and is now an emerging 
economy. There has been work done on the situation in Brazil concerning innovations 
and the use of different indicators to measure those (Manhaes Marins, 2008). There are 
several problems with these traditional indicators, which includes patents (see table 1 in 
section 2.2) in emerging economies. There is both a lack of enforcement and weak IPR 
rules and laws that do not increase the incentive to develop new innovations. Although 
it is the case that everyday innovations still occur in many enterprises across Brazil, 
they do not apply for patents or invest huge sums in R&D so these innovations are not 
picked up by the traditional indicators. Manhaes Marin’s conclusion is hence that in 
emerging economies, the estimations of innovations are not sufficient using the 
traditional indicators as a proxy (Manhaes Marins, 2008). 
 Using patent data to create a proxy for innovation is common. In a working paper 
(Connolly, 1997 and 1998) using both developing countries as well as developed 
countries in the dataset the author undertakes a study to test GDP growth. Among the 
variables used there are a patent variable. The main focus is however to see how high 
technology imports affect innovation in a country but also the role that innovation have 
on GDP per capita growth. The results are significant saying that innovations have a 
positive impact on GDP per capita growth which is of course interesting. Since that is 
the same feature that is going to be tested in this thesis using different patents classes.  
The dataset spans from 1970-1985, during this time China for example did not have any 
patent law (first law implemented in 1984). As the paper uses developing countries in 
the data set as well, the IPR legislation quality might be questioned (Connolly, 1997 and 
1998).  
 Since this thesis uses a panel data study of GDP growth in China, using patents as 
a proxy for innovation a review of earlier work on China is interesting. Kuo and Yang 
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(2008) and Yao and Zhang (2001) do not use patents as a proxy for innovation some 
other variables must be used to measure total factor productivity. Also, it is interesting 
to check which other variables they use as labor input and capital input as well. One 
study focuses on R&D expenditure to see which spillover effects it has for the Chinese 
adoption of new technology (Kuo and Yang, 2008). They also test the differences 
between different geographical regions in China using a panel data approach. To specify 
their model they also use a Cobb-Douglas production function, which is the same used 
in this thesis. The results and the variables are presented in table 2 below. Another paper 
also covering Chinese provinces and that uses a Cobb-Douglas production function is 
presented in table 2 as well (Yao and Zhang, 2001). The authors focus on the effect of 
economic reforms in China but their approach of the problem and model specification 
will be used in this thesis as well. For technology they use a variable that reflects the 
change in technology level across the provinces in China.  
 In table 2 below a summary of the variables used in the articles above is 
presented. Note that not all variables they use are included and there has been a 
selection among the variables. There will be some comments of the variables below the 
table, especially concerning which results are significant and which are not. 
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Table 2: Summary of variables presented in the literature review 
Author/Variable Dependent 
Variable 
Explanatory 
Variable 
Explanatory 
Variable 
Explanatory 
Variable 
Explanatory 
Variable 
Connolly, (1997 and 
1998), Panel study 
Growth rate 
of 
GDP/capita  
A patent proxy for 
innovation, 
number of 
application in US 
patent and 
trademark 
office*** 
Capital stock*** High tech 
imports*** 
GDP/capita in a 
base year*** 
Kuo and Yang, 
(2008), Panel study 
(all variables in 
logarithms) 
GDP Labor input , 
measured by 
population older 
than 15 year*** 
Capital stock*** Export *** Innovation input, 
measured by 
spillover effects 
from FDI and high 
tech imports ** 
Yao and Zhang, 
(2001), Panel study, 
(all variables in 
logarithms) 
GDP (in 
1990 
constant 
prices) 
Total investment 
in science and 
education 
Total savings 
(calculated in 
1990 constant 
prices), has a 
negative 
effect*** 
Population 
growth 
Mileage of railway 
 
As can be seen in table 2 some of the variables being used in the articles listed above are 
presented. Capital or investment is a part of the three listed articles and it plays a 
significant role in all their studies as well, which is expected due to its central role in the 
production function. Also patents are only used in one of the four listed papers as an 
explanatory variable and it is was found significant. The patent proxy is the number of 
applications for patents in the US made by country i, this is motivated by the argument 
that a firm will only apply for a patent in the US if the invention at question is 
considered novel enough (Connolly, 1997). Other proxies used for total factor 
productivity is science and education, and high tech imports are considered an indicator 
for innovation in some of the articles. In the last column Yao and Zhang (2001) use 
savings on a provincial level and they find the variable significant but with a negative 
impact, not what you expect according to the theory (Barro and Sala-i-Martin, 2004, 
Jones, 2002 and Yao and Zhang, 2001).  
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4. Data and estimations 
 
In this section the data is presented and the variables are motivated and explained. In 
section 4.2 the model specification will be presented from the foundation of the Cobb-
Douglas production function. The different paten classes will be presented in section 4.1 
and the differences between them will be pointed out. Also some of the legal framework 
for the patents will be presented. 
 The data is mainly collected from the Statistical Yearbook of China. The database 
provides data for China as a country and on a provincial level covering all the provinces 
in China. The provinces are divided into six geographical regions where the coastal 
provinces are in the east (Statistical Yearbook of China and appendix). Note that Macao 
and Hong Kong is not part of the dataset since they have a different background than the 
rest of China and could show different results (Naughton, 2006). Also Chongqing is 
excluded from the data because there is a lack of data which makes it impossible to 
interpret the results for that province. Next there will be an overview of the variables 
used across the provinces.  
 
4.1. Variables  
The variables used in the panel data study is on provincial level. By excluding 
Chongqing, Macao and Hong Kong the data consists of 30 provinces (see appendix). 
The variables are meant to represent the Cobb-Douglas production function (see 
equation 1, 2 and 3). In the following sections an explanation and motivation of the 
variables is presented. 
 
4.1.1. GDP output 
The GDP variable is available at the Statistical Yearbook of China. I am using a deflator 
to get the GDP output in real values which is available at the World Bank databank. The 
deflator uses the year of 2000 as a base year.  I assume that the inflation is the same for 
all provinces since they are all in China.  
 
Lund University  Andreas Nilsson 
17 
 
4.1.2. Labor input  
The labor input is labor the country put in to the economy. The population can be used 
as a proxy for labor input (Connolly, 1997 and 1998). The methods on how one can 
produce the labor input variable differs. The population where all the people who are 
outside working age are removed can be used to come up with how big the working 
force is, which can work as a proxy (Yao and Zhang, 2001 and Kuo and Yang, 2008). 
The labor input is however ideally supposed to show how many hours per day a worker 
put into the economy (Barro and Sala-i-Martin, 2004). In practice this is almost 
impossible to observe. For my estimations I will instead use the employed workforce as 
labor input, because then one get the actual labor input per year and not a proxy. The 
labor input variable is the total number of persons employed where one unit is 10000 
persons. The variable is available at the Statistical Yearbook of China database. The 
labor input is not a part of the regression, its purpose is to create the other variables 
which are in per labor input (see equation 3).   
 
4.1.3. Capital input  
Capital (K) is important for the economy, without capital the economy is just standing 
still. But the question is what counts as capital and which is the best way to measure it? 
One way is to see how much output the physical capital produce per invested unit. That 
is maybe the optimal way. A problem with using this method is that it is not only capital 
affecting the output. The most common way is to quantify the capital stock and assume 
that it is proportional over the economies (Barro and Sala-i-Martin, 2004, p.436). In my 
data I will look at the savings rates over the provinces instead of the physical capital or 
investment due to data restrictions. This method has previously been used by Yao and 
Zhang (2001). The data contain all new savings and deposits in financial institutions 
and banks in China on a yearly basis. The savings are assumed to be invested in the 
economy through loan, bonds and other investments. This method is not optimal since it 
likely that savings in one province can be used as investment in another province but 
due to data restrictions it is the best method available. The variable is available from the 
Statistical Yearbook of China and is counted in 100 million yuan.  
 Considering the open door policy that China has had since 1978, FDI have had, 
and still have, a big role in the Chinese economy (Naughton, 2006). To observe this 
feature I will also include FDI in my dataset. It is common to include this variable when 
you measure growth emerging economies since FDI could be a significant amount of 
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investment that otherwise will go by unnoticed (Cheung and Lin, 2004, Kuo and Yang, 
2008). FDI is important for the technological progress since it is considered that FDI 
increase the total factor productivity. FDI often introduce new technology since they 
especially are used for high tech investment (Yueh, 2006). For the FDI variable all the 
new investments on a yearly basis are accounted for. FDI was in 10 000 US dollar, for 
that reason I needed to convert it to yuan in order to match the savings and GDP 
variable. 1 US dollar is equal to around 6,12 yuan (X-Rates, 2013). The FDI variable is 
now converted to 100 million yuan as the savings variable.   
 
4.1.4. Total factor productivity input  
The difference in what a country produce is shown in the productivity input (A), given 
that all the other inputs are constant (Barro and Sala-i-Martin, 2004, p.437, Jones, 2002 
and Burda and Wyplosz, 2009). As has been mentioned above proxies are a common 
way to measure productivity and will be used in the estimations here as well. Patents 
will be used as a proxy, three different kinds of patents namely invention patent, utility 
model patent and design patent. An increase in patents is assumed to lead to an increase 
in innovation and technology level. The different patent classes will be presented below.  
 
4.1.5. Invention patent 
The first patent law in China was implemented in 1984-1985. They have three different 
patent classes; invention patent, and two process patent classes. At first the length of the 
invention patent was 15 years but in 1992 this was revised to 20 years (Yueh, 2006, p.3 
and Cheung and Lin, 2004 p.31). The invention patent is for major innovations that are 
supposed to have a significant meaning for the economy (Naughton, 2006). The 
invention patent is only granted if the innovation meet some requirements; “novelty, 
inventiveness and practical applicability” (Cheung and Lin, 2004, p.32). The average 
application time is on average 1 year. In conclusion the invention patent is considered 
the most important patent when it comes to the impact on innovation and hence 
economic growth. 
 The variable is measured in the number of granted patents per year (to both 
Chinese and foreign firms), which is the same way the process patents will be 
presented. 
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4.1.6. Utility Model patent and Design patent 
Utility model patents and design patents are also known as process patents and are not 
considered major innovations. Since it is minor innovations they are not considered to 
have a major impact on economic growth in the long run (Naughton, 2006 and Yueh, 
2006, p.3). The application is easier and less bureaucratic than it is for invention patent. 
The patent agency only have an examination of the application and check if the object 
in question has not been patented before, the average time for an application to pass 
through the system is about 6 months (Cheung and Lin, 2004, p.31). The patent 
protection time for the process patents is 10 years and before the revision in 1992 it was 
5 years (Yueh, 2006). 
 
4.2. Model Specification 
The model used in this thesis is based on the theory presented in section 2.1. namely the 
Cobb-Douglas production function. In equation 3 (see section 2.1.) the production 
function was divided by L to get the GDP/labor input ratio (Barro and Sala-i-Martin, 
2004 and Yao and Yang, 2001). Now equation 3 has been put in logarithms which give 
equation 4. 
 
             
Equation 4 
 
From equation 4 equation 5 is created. Now the variables presented above are included 
in the equation. The GDP variable is now in GDP/employee after it has been divided 
with the labor input. Also, I have taken the absolute difference which represents the 
relative change of GDP, i.e. the growth rate giving the GDP growth/employee. 
 
                           
     
   
 
     
   
 
Equation 5 
 
Equation 5 is the foundation for the empirical estimations below. For explanations on 
the variables see table 3.  
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Table 3: Variable interpretation of equation 4 and 5 
Variable 
equation 
4 
Variable 
equation 5 
Meaning Estimation Expectations on 
the dependent 
variable 
lny        GDP 
growth/labor 
input 
Real GDP 
growth/employee 
- 
lnA         Total factor 
productivity, in 
logarithms 
Real GDP/employee 
form the year before 
time t (to allow for 
convergence effect) 
Negative 
-:-             Total factor 
productivity, in 
logarithms  
Patents proxies in 
logarithms 
Positive 
lnk      
   
 
Growth in 
capital/labor 
input 
Total new savings on 
yearly basis/GDP 
Positive 
-:-      
   
 
Growth in 
capital/labor 
input 
Total new FDI on a 
yearly basis/GDP 
Positive 
 
As can be seen in table 3 GDP growth/employee, patent proxies, savings and FDI will 
be used in the forthcoming estimation.  
 The patent proxies are the three different patents classes presented above which 
are being used as a proxy for innovation and hence, productivity (A). To compute A 
with a proxy it is common to use GDP from the year before to allow for convergence. It 
should have a negative impact since the higher the value is before, the lower the 
economic growth (Barro and Sala-i-Martin, 2004 and Yao and Zhang, 2001).  
 For the capital variable I use savings and FDI (see capital input) divided by the 
non deflated GDP to adjust for both inflation. GDP also function as an approximation of 
the labor input (Barro and Sala-i-Martin, 2004, p.519) 
 I performed an augmented Dickey-Fuller test (ADF-test) to test for unit root in all 
variables. I discovered unit root in the patent variables. To solve for the unit root I took 
the first differences in the patents variables to remove the unit root (Verbeek, 2012). 
The variables that I tested are in the form presented in table 3 under equation 5. 
 Following the reasoning above I will estimate equation 6-9 below. The results are 
presented in the next section. i is the notation for the different province, t is the notation 
for time and (-x) indicate a lag or in other words t-1. All the estimations are in fixed 
effects due to provincial specific effects. The first two estimations are for the three 
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different patent classes and the last two estimations are for the total number of patents. 
For an interpretations of the variables used in the estimations see table 4 below.  
 
Table 4: Variable interpretation for equation 6-9 
Variable Meaning 
∆lny GDP growth/employee 
lny(-1) GDP /employee with one year lag 
∆lnIP New invention patents on yearly basis 
(Granted), in first differences and logarithm 
∆lnDP New design patents on yearly basis (Granted), 
in first differences and logarithm 
∆lnUMP New utility model patents on yearly basis 
(Granted), in first differences and logarithm 
∆lnTP New total number of patents on yearly basis 
(Granted), in first differences and logarithm 
FDI/y Foreign direct investment normalized to GDP 
SAV/y Savings normalized to GDP 
∆lnIP(-2) New invention patents on yearly basis 
(Granted), with a two year lag in first 
differences and logarithm 
∆lnDP(-2) New design patents on yearly basis (Granted), 
with a two year lag in first differences and 
logarithm 
∆lnUMP(-2) New utility model patents on yearly basis 
(Granted), with a two year lag in first 
differences and logarithm 
∆lnTP(-2) New total number of patents on yearly basis 
(Granted), with a two year lag in first 
differences and logarithm 
 
The estimation presented in equation 6 is a model containing the variables presented 
above, for an interpretation of the meaning of the variables in equation 6 see table 4.  
 
                                                       
   
 
  
   
   
 
  
     
Equation 6  
 
A patent is a protection of an innovation for a certain time period, so it is likely that the 
effects of a patented innovation can take effect first after a few years. To observe this 
feature I am introducing lags. In equation 7 a two year lag for the different patent 
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classes has been introduced. The reason for the two year lag is that the datasets time 
period is quite limited. 1995-2007 gives a 13 year span so if more lags was to be 
introduced you lose a significant amount of observations. Since the longest patent 
protection is 20 years (invention patents) the optimal would be to have longer lags but 
that is not possible due to the time span.   
 
 
                                                                
   
   
 
  
   
   
 
  
     
Equation 7 
 
It is also interesting to investigate the total number of patents since I want to observe 
any differences between the different patent classes and the total number of patents 
which is popular to use (Connolly, 1997 and 1998 and Smith 2005). This gives equation 
8 where the patents have been summed up to one variable (TP).  
 
                                  
   
 
  
   
   
 
  
     
Equation 8 
 
Again it is interesting to introduce a lag for the total patents as well. To have some 
consistency a two year lag will be used here as well, which leads to equation 9. 
 
                                      
   
 
  
   
   
 
  
     
Equation 9 
 
In the next section the results for equation 6-9, (see table 5) will be presented. The 
results are followed by some comments and in section 6 a discussion will be presented 
of the results and some references will be made to earlier work on growth studies in 
China and on work using patents as proxies.  
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5. Results 
 
The results of the estimations above, (equation 6-9) are presented in this section. All the 
results are available in table 5 in the columns under the equation numbers. Note that 
explanations of the variables are in section 4, presented in table 4.  
 
Table 5: Fixed effect estimations results: Dependent variable: GDP growth/employee 
Coefficients/model Equation 6 Equation 7 Equation 8 Equation 9 
   0.0133 
(0,1203) 
0.2289** 
(0,1055) 
0.1727 
(0.1142) 
0.3254*** 
(0.1006) 
GDP/employee (-1) -8.90E-06*** 
(2.86E-07) 
-8,46E-06*** 
(2,95E-07) 
-8.82E-06*** 
(2.74E-07) 
-8.26E-06*** 
(3.03E-07) 
Invention patents 0.4363 
(0.2734) 
- - - 
Design patents 0.9278*** 
(0.2420) 
- - - 
Utility model patents 1,0141** 
(0.5082) 
- - - 
Total patents - - 1.9544*** 
(0.4243) 
- 
FDI 0.0058 
(0.0134) 
0.0017 
(0.0192) 
0.0096 
(0.0071) 
0.0003 
(0.0141) 
Savings -0.0003*** 
(1.17E-05) 
-0.0003*** 
(1.05E-05) 
-0.0003*** 
(1.13E-05) 
-0.0003*** 
(1.10E-05) 
Invention patents (-2) - -0.1384 
(0.2647) 
- - 
Design patents (-2) - 0.9623*** 
(0.2435) 
- - 
Utility model patents (-2) - 2.8845*** 
(0.5085) 
- - 
Total patents (-2) - - - 2.6121*** 
(0.4741) 
R-squared 0.89 0.91 0.88 0.90 
Adjusted R-squared  0.87 0.90 0.87 0.88 
Observations 353 294 360 300 
Standard error in parenthesis.  
*** P-value < 0.01, ** p-value < 0.05, * p-value < 0.10 
 
 
The four estimations (equation 6-9) are presented in table 5 above, present interesting 
results. The hypothesis for this thesis was that different patent classes matter when it 
comes to how much they affects the economic growth of a country or in this case the 
provinces of China.  
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 To start with equation 6, which had no lag on the patents and included all the 
three different patent classes, one can see that the process patent classes had significant 
results. The other variables for investment showed surprising results. FDI were not 
significant and savings were significant but had a negative impact on GDP 
growth/employee. I expected it to be positive, on the other hand did Yao and Zhang 
(2001) discover the same feature. In equation 6 there were 353 observations and I have 
an R-squared value on 0,89 which means that the variables explain 89 percent of the 
GDP/employee (Verbeek, 2012).  
 In equation 7 lags have been introduced to capture the effects of the patents on 
GDP growth/employee. Interesting is that invention patents still have no significant 
effect on GDP growth/employee, on the other hand the process patents are both 
significant again. All the other variables except FDI are significant but savings have the 
wrong sign. The R-squared has gone up to 91 percent but it has less observations.  
 For the last two equations the interest is no longer the different patent classes but 
instead the summed number of granted patents. The variable of the summed patents is 
TP (total patents). As can be seen it has a significant effect, just as the process patent 
classes when they were measured separately. The number of observations in equation 8 
is 360. All the other variables show the same results just as they had in the other 
equations. The R-squared value has gone down a bit to 88 percent but it is still high. 
 In the last estimation, equation 9 the two year lag has been added to the total 
number of patents. The result is positive and significant, same as the process patents 
above. The other variable also shows significant results except FDI but again savings 
has the wrong sign. The R-squared is around 85 percent and the adjusted is 72 percent. 
The last estimation has 330 observations which are due to the two year lag which 
removes earlier observations.  
 A discussion around the results will be conducted in section 6 where some 
references will be made to other results of the papers that has been brought up in the 
literature review. Next there will be some discussion concerning measurement errors.  
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5.1. Measurement error 
When it comes to measure statistics in China and other transition economies you often 
face problems. It is likely that some of the data in the estimations are of questionable 
quality since it dates back a few years and it is over all provinces. Since the 
development has been different between the provinces in China it is likely that the data 
for some provinces is in worse shape than others (Holz, 2004). It is not only the inland 
China where the data can be questionable, there is also a risk for overestimating the 
coastal provinces values as well (Jefferson, Hu and Su, 2006, p.46). It is not much one 
can do with this problem but to accept it. Although it is important to mention it and that 
the reader keeps it in minds when interpreting the results. Remember here also that one 
province was removed from the data set because of lack of data for many years; and that 
it was a problem of finding good variables for the estimations that covered all the years 
and provinces, probably due to the problems mentioned above.  
 
 
 
Lund University  Andreas Nilsson 
26 
 
6. Discussion 
 
The hypothesis for this thesis is that quality does matter when it comes to innovation 
and patent proxies. Different patent classes should have different impact on economic 
growth. In China there are three different patent classes where two are considered being 
process patents and not major innovations. The invention patent class is considered to 
be a major invention that shows true novelty and that carries great value for the 
economy (Cheung and Lin, 2003 and Naughton, 2006). The two process patent classes 
are design and utility model patent. I argue that the invention patent is better than the 
other two since it is considered a major innovation. It should therefore have more 
quality when it comes to measuring innovation. The four different estimations were 
designed to test differences between the patent classes. But also if total number of 
patents (all the patent classes summed up) is a good measure, or perform equally well. 
Total number of patents is common to use as a proxy for innovation (Connolly, 1997 
and 1998). As can be seen in section 5 the results are not supporting the hypothesis.  
 The results are presented in table 5 in section 5 and the invention patent is not 
significant. In the first regression (equation 6) two of the patent classes are significant 
and in the second regression, with a two year lag, the same results shows. The process 
patents are significant but not the invention patent. In the last two regressions with total 
number of patents both regressions were significant, again with the two year lag in the 
second regression. The results are interesting since it suggests that the process patents 
are likely to be the preferred way to measure innovation, if you use a patent proxy for 
innovation. Also, total number of patents is a better measurement than using an 
invention patent to measure patents impact on economic growth. In other words the 
results suggest that the quality of inventions do not matter for economic growth. One 
reason for this result can be the limited time horizon. Keeping this in mind the results 
can be quite plausible; the time horizon plays a major role when it comes to patent. The 
protection for the different patent classes is not the same when it comes to the length of 
the protection. The invention patent has a 20 year protection and the two process patents 
has 10 year. The dataset for this thesis is only 13 year (1995-2007) which is not optimal. 
Major invention can be hard to implement in an enterprise at an early stage since it can 
require quite vast investments. So it can take a few years before it pays off for the 
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enterprise or inventor. Of course it can depend on which sector the company in question 
operates in. In the telecommunication sector patenting has in later years been a highly 
strategic business and closely related to standards. These patents are more used to create 
standards within the sector and to create leverage versus competitors. This way of using 
patents can be seen as unprofitable for the economy since it can block the economy 
instead of promoting it (Kang and Bekkers, 2013). It is likely that patent within the 
telecommunications sector is considered major inventions considering the nature of the 
sector. Taking that into account could explain the poor results of invention patents. In 
other words, a lot on invention patents may not be used to increase productivity. One 
could also argue that this is the purpose of patents. The aim is not to promote the 
economy but instead its main purpose is to give the inventor a period of time to make up 
for its sunk cost of inventing. Optimal for the economy is to make the invention 
accessible for all, without destroying the incentive for making innovations. Patent 
theory says that the sunk cost is important but patent laws do not consider costs. If cost 
was taken into account; patent protection could be more individual between businesses 
and different sectors.  Patent law is implemented to make sure that there is protection. 
But protection is finite so that the economy can take advantage of the invention when 
the time in question has passed (Tabarrok, 2002).   
 Consequently are there some limitation to patents, and there are empirical works 
that seem to confirm this. Patents seem to have a positive effect for firms but a negative 
effect on the economic growth. Empirical results suggest that the number of firms 
increase when the number of patents increase, but it seems to be harmful for the 
economic growth (Chu and Yuichi, 2012). This could possibly be due to the limitations 
of patents discussed above.  
 Since patents seem to have varied importance in different sectors, different patent 
classes can theoretically work. Some inventions may take longer time to promote and 
hence payoff for the inventor. Taking that into account different patent protection across 
sectors and businesses could lead to a welfare gain (Chu, 2011). Even though this 
dataset does not show those results; individual patent protection theory supports the 
view that different patent classes could be a good way to measure economic growth. 
Coming back to the time horizon there is the possibility that the time horizon in the 
dataset for this thesis quite simply is too short. The protection time for invention patent 
is 20 years and the dataset cover 13 years. To get a fair picture of the invention patents 
Lund University  Andreas Nilsson 
28 
 
performance the time horizon should therefore exceed 20 years. Looking at a time 
horizon consisting with up to 30 years would likely give a different result.  
 Comparing to earlier research the results for the estimations are not that 
unexpected. Connolly (1997 and 1998) found total number of patents to be significant 
as well. However her data set covered many countries across the globe and there is the 
issue of different legal system across the world. Those problems are not an issue in 
China. But corruption is a feature in China and the legal system could differ across 
regions. So even if the total number of patent was significant the hypothesis was that the 
different patent classes would show differences and that invention patent would also be 
significant. As the results show it was the process patents that were significant at the 
same level as total number of patents. So what conclusions can be made? Are the two 
process patents the best way to measure innovation? Probably not since you only cover 
minor inventions. The major inventions are the innovations that should have the most 
effect on the economy according to theory. Then again it is problematic with patents; 
one of the faults with patents is that they do not cover all innovations made in the 
economy (Manhaes Marins, 2008). So if you exclude some patent to just use invention 
patents you must know it is a good measure. This is not the case in these regressions, at 
least not with the limited time horizon we stand in front of. It can also be the case that 
the total number of patents actually is better to use since it covers more of the 
innovations made in the economy, saying that it is not only the major innovations that 
are important for the economy. Then again some support the view that it is the quality 
that matters, since citation has become more of a common feature (Ejermo, 2007 and 
Atallah and Rodriguez, 2003). Hence supporting the view of not using a process patent 
as a proxy for innovations and that invention patent should be better since it only 
accounts for major innovations. However it is also the case that some critique regarding 
patent is that is do not cover all new minor invention. The results can in that case be 
seen as a response to that critique and that process patents should not be excluded from 
the proxies. One must also remember that China is an emerging economy and the results 
might differ between developed countries and developing countries where the weak 
enforcement is a factor (Manhaes Marins, 2008). It could be the case that patents as a 
measurement are not suitable for developing countries even if one accounts for the 
quality in the patents.  
 To sum up some I will have a discussion about the investment variables. The 
results were not satisfying. FDI were not significant and savings had the wrong sign. 
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The savings variables were created by many assumptions. First savings was an 
approximation for investment and are not optimal. Second I assumed that savings in a 
specific province corresponded to the investment in the same province. The assumption 
was necessary due to data issues but observing the results that assumption do not hold. 
Yao and Zhang (2001) found the same feature in their panel study for provinces in 
China. In order to get a better result these shortcomings should be corrected and a 
different variable used. In the next section the conclusions are presented.  
Lund University  Andreas Nilsson 
30 
 
7. Conclusion 
 
Measuring innovation using proxies is complex. Innovations or total factor productivity 
is perhaps the most abstract input in the production function and the most suited way to 
measure it remains equally abstract. Patents are one way which has faced critique to be 
unsatisfying during recent times. This thesis was an effort to see if there are differences 
in the patent classes and if so, does it increase the quality of patents as a measurement. 
An earlier quality effort that has been tried on patents is citations in different forms, 
which has made some progress. However I still believe it was interesting to test patent 
classes due to the fact that China divided their patents into three patent classes. The 
theory suggests that the highest patent class is more significant for the economy. The 
hypothesis was hence that the invention patent for major innovations was going to have 
a bigger impact on economic growth. The results showed no such indication as total 
number of patents was equally significant as the different patents classes. It was also the 
case that it was the lower classes and not the high class patent that showed significance 
and actually had an impact on economic growth.  The results in this thesis could be due 
to the limited time horizon of the dataset. The time horizon is unsatisfying when it 
comes to China since their patent laws are quite new. Also data from China are of 
questionable quality especially on a provincial level. To do the same test with a longer 
time horizon could show different results. The result at hand still gives an important 
insight; much of the critique of patents has been that it does not pick up smaller 
innovations in an emerging economy, like China. The process patent classes could 
actually be a way of measuring these effects. If that is the case it just increases the view 
that patent proxies are a complex business and what is significant for China could be 
different in another country. Also, I find no indications for different patents classes to 
be a better measure than the total number of patents. So the usage of patent proxies 
should be with care. One should account for sectors in the country, the economic 
situation and the legal system with enforcement if one were to use patent as a proxy for 
innovation. Even if patents are not the optimal way to measure innovation it is definitely 
the easiest way and my results do not show any reason for not using it.  
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Appendix 
 
Chinas provinces and regions – source Statistical Yearbook of China 
 
East Region 
 Shanghai 
 Anhui 
 Fuijan 
 Jiangsu 
 Jianxi 
 Shandong 
 Zheijang 
 
North China 
 Beijing 
 Tianjin 
 Hebei 
 Shanxi 
 Inner Mongolia 
Northeast China 
 Heilongjiang 
 Jilin 
 Liaoning 
 
Northwest China 
 Gansu 
 Qinghai 
 Shaanxi 
 Ningxia 
 Xinjang 
 
 
 
 
South Central 
China 
 Guangdong 
 Hainan 
 Henan 
 Hubei 
 Hunan 
 Guanxi 
 
 Southwest China 
 Chongqing 
 Guizhou 
 Sichuan 
 Yunnan 
 Tibet 
 
 
Descriptive statistics 
Correlation for equation 6 
Variable 
 
lny lny(-1) FDI/Employee DP SAV/Employee IP UMP 
lny 1       
lny(-1) 0,21 1      
FDI/GDP 0,50 0,14 1     
DP 0,09 0,57 0,01 1    
SAV/GDP 0,19 0,01 0,27 0,17 1   
IP 0,30 0,65 0,20 0,80 0,14 1  
UMP 0,10 0,50 0,12 0,87 0,15 0,87 1 
 
Correlation for equation 7 
Variable 
 
lny lny(-1) FDI/Employe SAV/Employee UMP(-1) DP(-1) IP(-1) 
Lny 1       
lny(-1) 0,27 1      
FDI/GDP 0.49 0,13 1     
SAV/GDP 0,16 0,01 0,29 1    
UMP(-2) 0,11 0,46 0,09 0,16 1   
DP(-2) 0,18 0,57 0,03 0,21 0,84 1  
IP(-2) 0,39 0,63 0,20 0,19 0,85 0,79 1 
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Correlation for equation 8 
Variable 
 
lny lny(-1) FDI/Employee SAV/Employee TP 
Lny 1     
lny(-1) 0,21 1    
FDI/GDP 0,48 0,11 1   
SAV/GDP 0,20 0,01 0,29 1  
TP 0,10 0,52 0,13 0,14 1 
 
Correlation for equation 9 
Variable 
 
lny lny(-1) FDI/Employee SAV/Employee TP(-1) 
Lny 1     
lny(-1) 0,26 1    
FDI/GDP 0,47 0,11 1   
SAV/GDP 0,18 0,01 0,25 1  
TP(-2) 0,12 0,52 0,12 0,14 1 
 
 
